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Increased r e l i a n c e  on coal  combustion can g i v e  r i s e  t o  s i g n i f i c a n t  f l y  ash 
Most f l y  a s h  i s  present ly  used as a low c o s t  ma- s torage  or disposa l  problems. 

t e r i a l  f o r  cons t ruc t ion  purposes and a l s o  as cover material f o r  l a n d f i l l s .  
Other, more economically advantageous uses  f o r  t h i s  inexpensive mater ia l  w u l d  
be des i rab le .  
reuse by power p l a n t s  as cooling tower makeup water. 
be as  sorbents  of t h e  heavy metals ,  t o x i c  anions and organic  substances commonly 
found i n  l e a c h a t e s  emanating from l a n d f i l l s .  Over t h e  pas t  s e v e r a l  years ,  our 
l abora tory  has  developed, under EPA Grants R803-717-91 and R803-717-02 a method 
f o r  t h e  t reatment  u t i l i z i n g  f l y  ash a lone  o r  i n  combination with o ther  inexpen- 
s i v e  sorbents  f o r  t h e  removal of heavy meta ls ,  t o x i c  anions and organics  from 
i n d u s t r i a l  s ludge  leacha tes  and i n d u s t r i a l  waste stream e f f l u e n t s .  During t h e  
course of these  inves t iga t ions ,  two types of  f l y  ash w e r e  repea ted ly  co l lec ted  
a t  d i f f e r e n t  times from t h e  some e l e c t r o s t a t i c  p r e c i p i t a t o r  a t  a coa l  turning 
b o i l e r  of  a l a r g e  e a s t  coas t  e l e c t r i c  u t i l i t y .  These f l y  ashes  exhibi ted 
d i f f e r e n t  leaching  and sorbent  c h a r a c t e r i s t i c s ;  i . e .  one type produced an acid- 
i c  leacha te  while t h e  o ther  leached basic .  Although both f l y  ashes  i n i t i a l l y  
leached both c a t i o n s  and anions,  t h e  leaching  eventua l ly  ceased and removal of 
these  s p e c i e s  occured.  For example, the fly a s h  whose e f f l u e n t  was i n i t i a l l y  
a c i d i c  leached copper (0.69 micrograms/gram of f l y  ash) and z inc  (0.32 micro- 
grams/grams of f l y  ash) when t h i s  m a t e r i a l  was placed ' in  a lys imeter  and e lu ted  
with i n d u s t r i a l  s ludge  leacha te .  
and both copper and z i n c  i n  t h e  t r e a t e d  e f uent  were reduced from about 2.5 mg/l 
and 0.4 mg/l ,  r e s p e c t i v e l y ,  to  0.01 mg/l,T1f Since each f l y  ash  type exhibi-  
t ed  d i f f e r e n t  sorbent  c h a r a c t e r i s t i c s ,  a mixture of both types was found t o  be 
more e f f e c t i v e  in t h e  t reatment  of i n d u s t r i a l  s ludge leacha tes .  
point ,  t h e  a v a i l a b i l i t y  of t h e  d i f f e r e n t  types of f l y  ash from t h e  power p lan t  
could not  be pred ic ted .  One simply had to  c o l l e c t  what was a v a i l a b l e  and deter-  
mine its c h a r a c t e r i s t i c s  by t es t ing .  This lack  of  an adequate supply of f l y  
ashes  with t h e  d e s i r e d  sorbent  c h a r a c t e r i s t i c s  i n h i b i t e d  t h e  f u r t h e r  development 
of t h i s  low cos t  technology f o r  t h e  t reatment  of i n d u s t r i a l  waste e f f l u e n t  and 
leacha te  from i n d u s t r i a l  l a n d f i l l s .  Therefore, an i n v e s t i g a t i o n  was c a r r i e d  out  
i n  order  t o  c o r r e l a t e  t h e  sorbent  and leaching  c h a r a c t e r i s t i c s  of f l y  ash  pro- 
duced wi th  t h e  composition of t h e  coa l  and t h e  combustion condi t ions  that ex is t -  
ed during t h e  product ion of these  f l y  ashes .  

One such use  f o r  f l y  a s h  could be t o  t r e a t  ash  pond e f f l u e n t  f o r  
Another appl ica t ion  could 

After a per iod of t ime t h e  leaching ceased 

Up t o  t h i s  

Three d i f f e r e n t  types of  coa l  f i r e d  b o i l e r s  were u t i l i z e d  i n  t h i s  study. 
One type (A) ,  a d r y  bottom boi le r ,  was operated with flame temperatures below 
t h e  ash fus ion  temperature  of  t h e  coa l  ash.  
b o i l e r ,  a s  operated a t  flame temperatures which exceeded t h e  ash  fus ion  tem- 

The second type (B), a wet bottom 
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pera ture  of t h e  coa l  ash. The t h i r d  b o i l e r  types (C&D), dry bottom t a n g e n t i a l l y  
f i r e d  boi lers ,  were operated with flame temperatures tha t .were  comparable t o  t h e  
ash  fus ion  temperatures of  t h e  coal. 

S ix  high fusion coa ls  and f i v e  low f u s i o n  coa ls  were h r n e d  i n  these  t h r e e  
d i f f e r e n t  bo i le r  types under c lose ly  monitored condi t ions.  
l i s t i n g  o f  these coa ls  by mine name and loca t ion .  

Table 1 gives  a 

TABLE 1 

COAL BURNED UNDER TEST CONDITIONS 

Mine Location - 
High Fusion Coal 

Mi l i tan t  P ennsv lvania  
Deep Hollow 
Upshur 
Badger 
Mine Mouth C 
Mine Mouth D 

West Girginia  
West Virg in ia  
West Vi rg in ia  
Pennsylvania 
Pennsylvania 

Low Fusion Coal 
Wellmore Cactus Virginia  
Wellmore Ackiss Vi rg in ia  
Ellsworth Pennsylvania 
Nora Pennsylvania 
Blend Not known 

Table 2 gives  t h e  temperature p r o f i l e  observed i n  t h e  b o i l e r s  a long with 
t h e  coal ,  na tura l  gas and o i l  feed r a t e s  when co-f i red o r  r e l a t i v e  power out-  
p u t s  h e n  t h e  coa l  feed rate was  unavai lable ,  b o i l e r  a d d i t i v e  feed rates, per- 
cent  excess a i r ,  ambient a i r  temperature, barometr ic  pressure  and power genera- 
t i o n  leve l .  

During the  combustion of the  test c o a l ,  coa l  samples were co l lec ted  a t  t h e  
entrance t o  each pulver izer  j u s t  p r i o r  t o  being burned. 
ash was timed to  correspond t o  t h e  coa l  being burned. Di f fe ren t  s i z e  d i s t r i b u -  
t i o n s  of the  f l y  ash  were obtained by t h e  c o l l e c t i o n  of samples from both t h e  
f r o n t  and back row of  e l e c t r o s t a t i c  p r e c i p i t a t o r s .  The coa ls  and t h e i r  ashes  
were analyzed f o r  % C ,  %S, %SiOp, %A1203, %Fe203, %CaO,  %K20, %NaZO,  %Mgo, ppm 
of T i ,  Cd, Cu, C r ,  Pb, Zn, Sn, N i ,  Mn,  a s h  content  and a s h  fus ion  temperatures 
according t o  ASM procedures. 

The c o l l e c t i o n  of  f l y  

The d i f fe rence  i n  leaching of Cadmium, Boron, Tin, Molybdenum, Nickel ,  
Lead, Copper, Chromium, Zinc, Manganese and I r o n  from both t h e  high fus ion  and 
low fus ion  f l y  ashes  in genera l  were found t o  be dependent upon t h e  d i f f e r e n c e s  
i n  t r a c e  amounts of these  elements present  i n  t h e  f l y  ash ,  t h e  d i f fe rences  i n  
t h e  s i z e  of the f l y  ash p a r t i c l e s  and t h e  d i f fe rences  i n  boi le r  temperatures 
encountered by t h e  f l y  ashes  during t h e i r  .generation. 

The d i f fe rences  i n  t h e  amount a n  element is leached from t h e  f l y  ashes  was 
found t o  be r e l a t e d  d i r e c t l y  t o  t h e  concentrat ion i n  t h e  f l y  a s h  f o r  a major i ty  
of the elements examined. The d i f fe rences  i n  t h e  amount of an element present  
in the  high fusion f l y  ashes  i n  t u r n  is determined by its concentrat ion i n  t h e  
coa l  and the  s i z e  o f  t h e  f l y  ash p a r t i c l e s .  The smaller f l y  ash  p a r t i c l e s  
were found t o  contain g r e a t e r  amounts o f  s p e c i f i c  element than the  l a r g e r  par t -  
i c l e s .  Tn comparison, t h e  d i f fe rences  i n  t h e  amount of a s p e c i f i c  element 
found i n  t h e  low ash  fus ion  was observed t o  be dependent on its concentrat ion 
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in the  c o a l ,  its p a r t i c l e  s i z e  as wel l  as boi ler  temperatures. 
fusion f l y  ash p a r t i c l e s  and lower boi l er  temperatures, when compared to the 
larger p a r t i c l e s  and higher bo i l er  temperatures, contained the  greater amounts 
of the majority of the above elements. 

The smaller low 

TABLE 2 

Upper Reading Conditions of Coal Fired Boilers 

B o i l e r  A Generation Statlon 

Coal 

Hillrant 
Wilil."t 
ni11tant 

Hilitant 
Deep Hollow 

-- 

Deep IlOllOU 

Deep Ilollow 
Upahur 

Badger 

Coal 
(TPH) 

110 

108 

102 

110 

140 
I14 

142 
198 

188 

I_ 

011 
I 
0 

0 
0 
0 
12 
0 
0 
0 
0 

- 
Gar 
- (HCF) 

2YOO 

400 

1125 

1145 
0 

0 

0 
0 

0 

Pr..."CP 
( H I I I S )  

10.8 
10.5 
30.5 
10.5 
19.65 
19.65 
29.65 

29.8 

19.1 

Excesa O2 
I 
5.4 
8.0 

6.6 

3.9 
5 . h  
8 .0  

6.8 

4 . 7  

3 . 1  

Additive 
Feed Rlli  8oller Temperature (F) 

LPll-40 CTPL H h b w e  Super 
Gnll l i r  Lbalhr Paver Flair Ll8Hkot I k a t e r  

18 25  full - 
18 25 nin. - 
18 15  int. - . .  
11.5 25 ruii - 
14 25 ruii - 
I 4  15 lor  - 1450 - 
16 20 i n t .  - 15So - 
18 0 Lull 1670 1590 1565 
18 25 r u i i  2550 1 7 5 0  ILIO 

Dotlcr B eu,,, .rJll,I,t station AslJ 11 I v v s  Ill Boiler Tnuv .  111 nl . l l*a ,n l  TrEp. 
Il.lafi"e I Feod ULCS Above Aliove 

Flame 

___ _- 
- Power Pressure ~ x e e r s  LrA-40 control n Flame 

Cod Output Z ( m d l e )  01 rol/hr l b s l h r  Flame Basket Arch Plamr Unskcl Arch 

1.8 12 0 1150 1610 1080 1150 1510 1480 

27.8 3.1 28 0 I125 1400 1680 2970 1400 I120 

Blend 95 27.8 1.4 28 0 1100 1815 2250 1100 1731 1815 
Ellsworth 98 27.7 1.5 0 0 1100 1815 2210 1100 1740 1820 

Yellmore 94 27.8 16 0 '  1050 1900 llBD 1950 171s 1500 
Ackiai  50 27.8 S.0 16 0 2870 1590 1780 2950 1620 1500 
Nor. 97 3.5 2ll 0 3100 1850 2175 1250 1700 1700 

wellmore 
C.Et"I I 1  89 

CaCt". # 2  loo 
Y a l h o r e  

- -- 

Doilec C end Boiler 0 Ccneration Ststion 
Addltiv. 
Feed R a t e  A b O W  

Flame Coal PIERDYr.. LPA-40 Control H 
Cn.1 (TPII) (mllg) I Excess 0 )  Rsllhr Ibslhr Powor Flame Dashel Arch - 

Boiler C 113 4.2 0 0 
Boiler D IO] 4.7 0 0 full 2650 2700 2700 

f u l l  - 2600 - 
-. . . .. . 
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There appears t o  be some c o r r e l a t i o n  between t h e  d i f fe rences  i n  trace e l e -  
ment leaching observed f o r  t h e  f l y  ashes  and t h e  concentrat ion of these  elements 
a t  t h e  sur face  of t h e  f l y  ash p a r t i c l e s  provided t h a t  g r e a t e r  than 50% of t h e  
element is concentrated a t  t h e  sur face .  
t h e  major port ion of t h e  Cd, Cu, Zn, C r ,  Pb, and Mo present  i n  t h e  f l y  ash  par t -  
i c l e s  a r e  concentrated a t  t h e  sur face  of t h e  f l y  ash  p a r t i c l e s .  
revea l  t h a t  t h e  d i f fe rence  i n  leaching of t h e  Cd, Cu, Zn, C r ,  Pb and Mo by a ma- 
j o r i t y  of  t h e  f l y  ashes  can be cor re la ted  with t h e  d i f fe rences  i n  t h e  amounts of 
those elements present  i n  t h e  f l y  ashes .  
not  concentrated a t  t h e  sur face ,  as was reported by Hansen and Fischer  t o  be t h e  
case f o r  N i  and Fe(2), our r e s u l t s  i n d i u a t e  no c o r r e l a t i o n  between t h e  d i f f e r e n c e  
in leaching by t h e  fus ion  f l y  ashes  and t h e  d i f fe rences  i n  t h e  amounts of these  
elements present  i n  these  f l y  ashes. 

Hansen and Fischer  (2)have shown that 

Our r e s u l t s  

However, when t h e  trace elements are 

The exceptions t o  the  above c o r r e l a t i o n s  is Mn. 
t i o n  of Mn a t  t h e  sur face  of t h e  f l y  ash  p a r t i c l e s  was reported by Hansen and 
Fischer  t o  be less than 50%, our r e s u l t s  show t h a t  most of t h e  d i f fe rences  i n  
leaching exhibi ted by t h e  Blend, Wellmore Cactus tl, M i l i t a n t ,  Deep Hollow and 
Wellmore Ackiss f l y  ashes  can be cor re la ted  with t h e  d i f fe rences  i n  t h e  amount 
of manganese present  i n  these  f l y  ashes .  

Although, t h e  concentra- 

Differences i n  t h e  leaching of t h e  above elements as they r e l a t e  t o  p a r t -  
ic le  s i z e  and boi le r  temperatures is explained as fol lows.  
elements leached from small f l y  ash p a r t i c l e s  and l a r g e  f l y  ash produced from 
t h e  same coal  under t h e  same b o i l e r  condi t ions show t h e  smaller  p a r t i c l e s  i n  
general  leach g r e a t e r  q u a n t i t i e s  of t h e  above elements than t h e  l a r g e r  p a r t i c l e s .  
If t h e  d i s t r i b u t i o n  of leacha te  elements wi th in  t h e  d i f f e r e n t  phases present  i n  
t h e  f l y  ash are t h e  same, t h e  smaller p a r t i c l e s  would expose a g r e a t e r  leachable  
sur face  area.  

A comparison of t h e  

Boiler  temperatures probably inf luence  t h e  leaching charac te rs  of t h e  f l y  
ashes  by f i x a t i o n  of t h e  leachable  elements. The d i f f e r e n t  leaching r e s u l t s  ob- 
ta ined  with the  low fus ion  f l y  ashes  produced from t h e  same coa l  a t  t h e  same 
time indicated that operat ion of  t h e  b o i l e r  a t  temperatures above t h e  ash fus ion  
temperatures, a long with t h e  a s h  remaining i n  t h e  fused s t a t e  f o r  longer lengths  
of time can reduce t h e  leaching exhibi ted by t h e  f l y  ashes .  
temperatures, lead t o  some f i x a t i o n  of these  elements i n t o  t h e  non-soluble por- 
t i o n  of the f l y  ash.  
contained t o  some exten t  within a water s o l u b l e  component located a t  t h e  sur face  
of t h e  ash which is eventual ly  removed when t h e  f l y  a s h  i s  brought i n  contac t  
with t h e  aqueous ash  pond e f f l u e n t .  
be in general  r e l a t e d  t o  1 )  t h e  amount of t h i s  element present  i n  t h e  f l y  a s h  
(provided t h a t  a major port ion t o  t h e  element i s  loca ted  a t  t h e  sur face) .  2) t h e  
sur face  area of t h e  f l y  ash  p a r t i c l e s  and 3) t h e  b o i l e r  temperature encountered 
by t h e  f l y  ashes  during t h e i r  formation. 

Apparently, these  

The leaching r e s u l t s  suggest  that the  leachable  elements a r e  

The leachable  amounts of  each element can 

Three separa te  ash  pond samples were used t o  evaluate  t h e  e f fec t iveness  of 
Analysis  of these  ash pond sam- t h e  f l y  ash i n  t r e a t i n g  f l y  a s h  pond e f f l u e n t .  

p l e s  are presented i n  Table 3. 

The r e s u l t s  show t h a t  f l y  ash  can be used f o r  t reatment  of Cd, B ,  Sn, Mo, 
N i ,  pb, C,  Cu, Zn, Mn, Fe, A s  and organics  i n  these  ash  pond e f f l u e n t s .  Remo- 
v a l s  of grea te r  than 75 percent  were achieved f o r  a l l  of t h e  above elements 
d t h  t h e  exception of Boron and Molybdenum where removals of only 21% and 43%. 
respec t ive ly  were obtained. 
of lead  remaining i n  t h e  t r e a t e d  a s h  pond sample remained below d e t e c t a b l e  
levels with no ind ica t ion  of breakthrough even a f t e r  passing 36 liters of ash  
pond sample through t h e  f l y  a s h  generated from t h e  Nora coals .  

For example, F igure  1 shows t h a t  t h e  concentrat ion 

These removals 
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were achieved even though t h e  concentrat ion of lead in t h e  ash  pond sample was 
increased 
dr inking s tandard  f o r  lead  is 0.05 mgll. The except ional  remuval of lead does 
not appear t o  be due t o  p r e c i p i t a t i o n  s i n c e  t h e  concentrat ion of lead  i n  t h e  ash  
pond sample was kept  below t h e  maximum s o l u b i l i t y  of  the lead  as measured as a 
funct ion of  pH (See Fig.  2). Also, t h e  pH measured i n  t h e  t rea ted  ash  pond 
e f f l u e n t  ranged from an a l k a l i n e  va lue  of  10 down t o  an a c i d i c  va lue  of 6 during 
t h e  removal of l e a d  from 36 l i t e r s  of ash  pond sample. (See Fig. 3 ) .  

t o  3.0 mg/l ( see  dot ted  l i n e  in Pig.1). The max- allowable primary 

TABLE 3 

Elemental Concentration of Actual Ash Pond Eff luent  Used 
I n  Fly Ash Sorbate  Charac te r iza t ion  

Sample A Sample B Sample C 
Element wl1 m d 1  mgll  

Cadmium N.D.* N.D.* 0.02 
Boron 3.30 3.30 2.80 
Tin 0 .90  2.07 1.01 
Moly M enum 3.0 2.70 0.41 
Nickel 0.26 0.11 0.09 
Lead 1.80 0.35 0.62 
copper .01 0.01 0.09 
Chromium .4a 0.18 0.09 
Zinc .16 0.06 1.48 
Manganese .24 0.24 0.40 
I ron  0.22 0.05 0.10 
Arsenic 0.16 0.15 0.13 

*N.D. - below measurable l i m i t s  

The genera l  s o r b a t e  c h a r a c t e r i s t i c s  of t h e  f l y  ashes  are favored by low ash 
fusion temperatures ,  combustion temperatures t h a t  favor  t h e  fus ion  of t h e  f l y  
ash during formation and t h e  time that the f l y  ashes  remain in t h e  fused s t a t e .  
No c o r r e l a t i o n  could b e  es tab l i shed  between t h e  s o r b a t e  c h a r a c t e r i s t i c  of t h e  
f l y  ashes and t h e i r  bulk major, minor and trace elemental  compositions nor wi th  
t h e i r  major and minor elemental surface compositions. 
be es tab l i shed  between t h e  treatment achieved with t h e  f l y  ashes  and p a r t i c l e  
s i z e  of t h e  f l y  a s h  p a r t i c l e s .  
re la ted  t o  its organic  removal proper t ies .  

Also, no c o r r e l a t i o n  could 

Only t h e  carbon content  of t h e  f l y  ash  could be 

The sorba te  c a p a c i t i e s  of t h e  f l y  ashes ,  i d e n t i f i e d  in t h i s  inves t iga t ion  
to  provide t h e  best t reatment ,  average about 80 ug/gm f o r  t h e  Cadmium, Copper 
and Zinc, 3.4 ug/gm f o r  Arsenic and 700 uglgm f o r  t h e  organics .  However, t h e  
sorbate  capac i ty  f o r  Arsenic may be increased with f u r t h e r  washing of the  f l y  
ashes. 

These c a p a c i t i e s  were found t o  be independent of pH in t h e  range from 
abu t  6 t o  10. 
served t o  be independent of t h e i r  i n l e t  concentrat ions i n  t h e  ranges from 0.52 
mgfl to 2.0 m g l l ,  0.52 mgll  t o  3.5 mgll ,  0.30 mg/l t o  3.0 mg/l and 0.56 mg/l t o  
4.0 wfl, respec t ive ly .  

Also, t h e  removals of Cadmium, Copper, Lead and Zinc were ob- 

Greater than 75 percent  removals of  t h e  Cadmium, Copper and Zinc present  
i n  the  a s h  pond samples were achieved within a 1 5  minute contac t  time between 
t h e  f l y  ash and the sample. 
elements i n  ash  pond e f f l u e n t  can be achieved with t h e  same f l y  a s h  t h a t  o r i g i -  

The r e s u l t s  i n d i c a t e  that removal of t h e  above 
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n a l l y  leached these  elements. The washed f l y  ash  was observed t o  have a s i g n i f i -  
can t  excess of  sorba t ive  capac i ty  beyond that required to t r e a t  t h e  elements mi- 
g i n a l l y  leached from t h e  f l y  ash.  

F inancia l  support for t h i s  wrtc ZBS provided by t h e  U.S. Department of 
Energy, Universi ty  Coal Research Programs PETC, P i t t sburgh ,  Pennsylvania under 
Grant No. DE-FG22-80PC30231. 
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Fig.  1 Concentration of Lead Remaining After  Treatment with Nora Fly Ash, 500 grams 
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Fig. 2. pH Effect on Cadmium, Copper, Lead and Zinc 
Solubility in Ash Pond Sample D. 
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Figure 3 .  pH of Treated Ash Pond Sample Using Nora Fly Ash 
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